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Introduction
Congenital absence of the internal carotid artery (ICA) is a rare vascular anomaly like agenesis, aplasia, or hypoplasia.It occurs in less than 0.01% of the population. 1, 2 In the event of the absence of the cervical ICA, the pathway of collateral circulation to the distal ICA and intracranial arteries is dependent upon the point at which the disruption occurs. 2 Six pathways of collateral circulation were described by Lie et al. 3 The most common collateral circulation develops through the circle of Willis (type A, B and C). Type D, also known as transsellar or intercavernous-intercarotid anastomosis, is extremely rare. There is an anastomotic artery between the cavernous segments of the bilateral ICAs. In previous studies, it was reported that there was association with left-side and/or male predominance for agenesis of ICA, regardless of the type of anastomosis. 4, 5 The purpose of this paper is to report a new case of unilateral type D ICA agenesis with a review of the literature, and to assess the predominance of gender and side in type D anastomosis.
Case report
A 33-year-old female visited our department for ultrasonography. The absence of a right ICA was detected incidentally during thyroid ultrasonography. Brain magnetic resonance imaging and cerebral angiography were performed. The right common carotid artery (CCA) had a reduced diameter and terminated in the external carotid artery (ECA) with no identifiable remnant of the ICA (Figure 1 ). The right anterior cerebral artery (ACA) was supplied through a patent anterior communicating artery (ACOM), and the right middle cerebral artery (MCA) was a continuation of the right supraclinoid ICA ( Figure 2 ). The right carotid siphon received blood flow through an intercavernous collateral vessel arising from the ICA and coursing through the sella turcica (Figures 2 and 3 ). The intercavernous communication confirmed a congenitally absent right ICA, but agenesis could not be discerned from aplasia, as a CT examination was not available for evaluation of the skull base.
Materials and methods
We performed a literature search in October 2015 for reported cases of congenital absence of ICA with intercavernous anastomosis. PubMed (MEDLINE 1966 (MEDLINE -2015 and Google Scholar were searched to identify relevant peer-reviewed manuscripts. We conducted the search using the MeSH terms ''carotid artery'', ''internal'', ''abnormalities'', ''agenesis'', ''aplasia,'' and ''hypoplasia'', and the non-MeSH terms ''anastomosis'', ''intercavernous'', ''transsellar,'' and ''type D''. Manuscripts in all languages were reviewed/translated. Thirty-six other cases of congenital absence of ICA with intercavernous anastomosis were identiEed in the literature. 2, Age and gender information was not given in one case. 14 We documented sex, laterality of the lesion, age at diagnosis, and presenting clinical signs/symptoms. Combined data from all 37 cases (including the one new case) were collated (Table 1) .
Statistical analyses were performed using the program R-3.2.2. Descriptive statistics of the variables are given as frequencies and percentages. Yates chisquare was used for comparison of side predominance of congenital ICA absence between males and females. The differences between the rates were examined by Z test for independent proportions. For all statistical comparisons, a p value of <0.05 was considered to indicate statistical significance.
Results
In the systematic review of the literature, 36 cases of congenital absence of ICA with type-D anastomosis were identified at ages of between 14 months and 70 years. In 21 of the 36 cases (58.3%) right side congenital absence of ICA was seen, and 15 cases (41.7%) had left side congenital absence of ICA. There is no significant difference (p > 0.05; z ¼ 0.982). In 35 cases, 21 were male (60%) and 14 were female (40%), and no statistically significant gender preference was seen for the congenital absence of ICA with type D anastomosis (p > 0.05; z ¼ 1.160).
The incidence of right-sided congenital ICA absence was 61.9% in males and 57.1% in females ( Table 2) . There was no statistically significant difference between males and females for the side of predominance of congenital ICA absence (p ¼ 0.969). When presenting clinical signs/symptoms were evaluated, 20 cases (55.56%) had non-specific symptoms (headache, vertigo, tinnitus or incidental symptoms), and 16 cases (44.44%) had cerebrovascular events (acute ischemia, subarachnoid hemorrhage or loss of vision). 
Discussion
In congenital absence of ICA, collateral circulation is associated with the embryonic period in which there is cessation of ICA development. During the 3-5 mm embryonic stage, the ICA develops from the dorsal and ventral aorta and the third aortic arch. 2, 12, 35 The dorsal and ventral aorta anastomosed by aortic arches at the initial stage of development. Primitive maxillary artery, dorsal and ventral ophthalmic arteries, ACA, and longitudinal neural system are also present at this stage 35 (see Figure 4(a) ). At a later stage of development, ventral ophthalmic artery, dorsal aorta, ventral portion of first and second aortic arches will regress (see Figure 4 (b)). The remnant of the primitive maxillary artery is the posteroinferior hypophyseal artery. This artery originates from the medial surface of the vertical portion of the carotid siphon and supplies the posterior hypophysis. The remnant of the dorsal ophthalmic artery is the inferolateral trunk (or intracavernous collateral of the internal carotid artery siphon); at a later stage the definitive ophthalmic trunk arises from the supraclinoid ICA. 35 The circle of Willis forms during the 7-24 mm stage of embryonic development. 36 The development of the ICA is completed at six gestational weeks. The segments of ICA correspond to the following embryonic structures: segment 1 (the third aortic arch), segment 2 (dorsal aorta between the second and third aortic arches), segment 3 (the dorsal aorta between the first and second aortic arches), segment 4 (the dorsal aorta between the first aortic arch and primitive maxillary artery), segment 5 (the dorsal aorta between the primitive maxillary artery and inferolateral trunk) and segment 6 (the dorsal aorta between the inferolateral trunk and its terminal branches) ( Figure 5 ). 37 Collateral flow through the circle of Willis will dominate if the disruption occurs after the 24 mm stage of development. 2 Likewise, primitive pathways of collateral circulation (i.e. intercavernous anastomosis) will prevail if disruption occurs before this stage. 36 A particular form is characterized by the persistence of the primitive maxillary artery, arising at the cavernous portion of the ICA, and leading to an intrasellar anastomosis connecting both ICAs (Table 3) . 14, 38 Lie's type D anastomosis represents unilateral agenesis of the cervical portions of the ICA with an intercavernous communication to the ipsilateral carotid siphon from the contralateral cavernous ICA ( Figure  6 ). 39 Intercavernous communications may have various courses such as transsphenoidal, intrasellar, or paraclinoid-supraclinoid. 13, 24 The transsellar vessel can reconstitute the carotid siphon within the cavernous sinus ipsilateral to the absent ICA or can travel into the Sylvian fissure to supply part or all the MCA territory. 4 Additionally, there are a few cases reporting communication between the paraclinoid or supraclinoid segment of the ICA and the supraclinoid segment of the ICA as a collateral pathway of supracavernous anastomosis. 12, 13 In the review of literature, supracavernous anastomosis was accepted as a variation of type D anastomosis. However, the origin and course of collateral circulation causes major changes in the surgical approach, such as transsphenoidal and transcranial.
In a study by Zink et al., a 2:1 left-sided predominance of ICA aplasia/hypoplasia was shown, regardless of the type of anastomosis. 4 In addition to this, no statistically significant gender preference was found for ICA aplasia or hypoplasia. In another paper, male predominance with slightly increased incidence on the left side was reported for agenesis of ICA. 5 In our results, no gender or side predominance was found in patients with congenital absence of the ICA with intercavernous anastomosis. Because of the relatively small numbers of cases of type D anastomosis, it would not be correct to generalize for side and gender predominance.
Congenital absence of ICA usually leads to adaptive collateral circulation and is therefore frequently identified incidentally. 4 For type D anastomosis, similarly incidental diagnosis or non-specific symptoms (21/37) are slightly higher. It is noteworthy that recent cases have been diagnosed incidentally. We believe that this is associated with an increase in the use of cross-section imaging modalities. Among symptomatic cases, cerebrovascular events including acute ischemia, subarachnoid hemorrhage, and parenchymal hemorrhages were the most common signs and symptoms, and the frequency of aneurysm formation is increased in these patients. 8 These patients should be followed for existing aneurysms or the formation of new ones. In addition to aneurysms, this anomaly has important implications during carotid endarterectomy and transsphenoidal surgery, and in thromboembolic disease.
Conclusion
The congenital absence of the ICA with type D anastomosis is increasingly found with the widespread use of cross-sectional imaging. In this anomaly, identification of the variations of anastomosis is important in surgical approaches such as transsphenoidal and transcranial.
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